The information storage and encoding ability of DNA arise from a remarkably simple 4-letter -A, T, G, C nucleobase code. Expanding this DNA 'alphabet' provides information about its function and evolution, and introduces new functionalities into nucleic acids and organisms. Previous efforts relied on the synthetically demanding incorporation of non-canonical bases into nucleosides. Here we report the discovery that a small molecule, cyanuric acid, with three thymine-like faces reprograms the assembly of unmodified poly(adenine) into stable, long and abundant fibers with a unique internal structure. Poly(A) DNA, RNA and PNA all form these assemblies. Our studies are consistent with the association of adenine and cyanuric acid units into a hexameric rosette, bringing together poly(A) triplexes with subsequent cooperative polymerization. Fundamentally, this study shows that small hydrogen-bonding molecules can be used to induce the assembly of nucleic acids in water, leading to new structures from inexpensive and readily available materials.
The standard DNA base-pairing alphabet gives rise to both the familiar double helix and a variety of alternate assembly motifs such as the guanine quadruplex, i-motif and triple helix 1, 2 . DNA's stability, remarkable recognition properties and diversity in tertiary structure are not only relevant to biological function. Three decades of DNA nanotechnology research have revealed its power as a building block in developing nanomaterials 3 . Considering the wealth of intermolecular interactions exploited in supramolecular chemistry, the DNA base-pairing code is limited to just two hydrogen bonding motifs that harness only four letters of a vast potential alphabet. Efforts to expand this genetic 'alphabet' have been driven by several goals. First, information about the principles behind the selectivity, function and evolution of DNA can be obtained by replacing its components, bases, or backbone with artificial counterparts [4] [5] [6] . Second, selective incorporation of new properties relevant to the use of nucleic acids in materials science, synthetic biology, biotechnology and medicine can be achieved by using unnatural DNA analogs [7] [8] [9] [10] [11] . Finally, compared to the standard A-T/G-C duplex code, an expanded DNA alphabet grants access to increasingly complex DNA nanostructures, with potentially reduced defects 12, 13 .
The creation of artificial nucleic acid motifs has relied on synthetic incorporation of nucleobases with altered hydrogen-bonding patterns 14, 15 , or relying on hydrophobic interactions 16, 17 and metal coordination [18] [19] [20] . Synthetic incorporation of unnatural bases which present more than one hydrogenbonding 'face' in order to access higher-order DNA structures has been of great interest [21] [22] [23] [24] [25] . 'Janus' 26 monomers (complementary to two nucleobases simultaneously) were attached to PNA and associated into triplexes with the addition of two complementary DNA strands 27 . Iso-guanine strands formed a DNA pentaplex in the presence of large alkali ions 28, 29 . In the studies cited above, changing the DNA selfassembly code required synthetically laborious attachment of new monomers onto nucleoside sugar moieties, their incorporation into DNA strands and assembly of these new strands into altered structures. Intercalation of crescent-shaped alkaloids such as coralyne has been shown to induce the formation of an antiparallel duplex from poly(dA) sequences, [30] [31] [32] [33] [34] and addition of π-extended molecules to guanine-rich sequences can chaperone the formation of quadruplex structures. 35 Adenine contains two hydrogen-bonding (Watson-Crick and Hoogsteen) faces, each with a twopoint donor-acceptor motif. In the presence of poly(thymine), poly(adenine) can form double and triple helices. On its own, poly(adenine) can form a parallel homoduplex in acidic conditions, 36, 37 whereas an antiparallel homoduplex can be formed at neutral pH with the addition of small molecule intercalators such as coralyne 30, 31 . In principle, we can reprogram poly(adenine) interactions to induce assembly of a higher-order structure if we combine adenine with a small symmetric molecule such as cyanuric acid, that contains three complementary thymine-like faces (Fig. 1a) . Cyanuric acid (CA) and its analogs have been extensively used in supramolecular chemistry, most notably to form hydrogen-bonded tape and hexameric rosette architectures with melamine and its analogs [38] [39] [40] . Here, we show that simple addition of this small molecule can reprogram the assembly of unmodified poly(adenine) strands into a noncanonical motif. Moreover, CA mediates the cooperative growth of supramolecular polymers with very high aspect ratio. The preparation of CA-mediated poly(A) nanofibers is an extremely facile method to create new nucleic acid-based nanomaterials. Fundamentally, this illustrates that small hydrogenbonded molecules can now be used, in water, to induce the assembly of nucleic acids into new forms. This orthogonal assembly mode will expand the 4-letter DNA alphabet and increase the range of possible architectures in DNA nanotechnology. In addition, the structures described here can be generated in large quantities from biocompatible components, allowing prospective applications in tissue engineering and drug delivery. 
Evidence of CA-mediated assembly of d(A) 15
Cyanuric acid-mediated assembly of poly(A) DNA (d(A n )) was first examined by atomic force microscopy (AFM) in air (Fig. 1b) . Deposition of a mixture of d(A 15 ) , excess CA and sodium chloride (NaCl) in water led to the formation of fibers of uniform height (2.5 ± 0.1 nm) on the mica surface upon drying ( Supplementary Fig. S1 ). In contrast, no such features were observed for d(A 15 ) or CA alone deposited under the same pH and salt conditions (Supplementary Fig. S1 ). AFM imaging in fluid also revealed well-defined nanofibers microns in length (height 2.0 ± 0.1 nm), suggesting that CA-mediated assembly of d(A 15 ) is a solution-based phenomenon (Fig. 1c, Supplementary Fig. S2 ). Dynamic light scattering (DLS) experiments provided further evidence of fiber formation in solution ( Supplementary  Fig. S4 ). These findings indicate that CA, a small molecule with binding features complementary to a natural DNA base, can bring about formation of self-assembled nanofibers from simple, inexpensive components.
The structural nature of these fibers was studied by circular dichroism (CD) and UV-Vis spectroscopies. UV-Vis absorbance showed hypochromicity of the DNA absorbance peak at 260 nm for d (A 15 ) in the presence of excess CA and NaCl (pH 4.5) (Supplementary Fig. S5 ). In the same conditions, the CD spectrum of d(A 15 ) changed dramatically, with the appearance of strong negative bands at 212 and 252 nm and of weak positive bands at 267 and 285 nm (Fig. 1d) . The CD spectrum is distinct from that of a B-DNA duplex and bears similarities to the spectrum of a poly(A)-poly(T)-poly(T) triplex, with a slight red-shift 41 . Control experiments show that CA addition has no such effect on DNA strands of random sequence ( Supplementary Fig. S7 ). The same CD features characteristic of assembly were obtained in the presence of Mg 2+ rather than Na + and at lower ion concentrations (250 µM Mg 2+ vs. 20 mM Na + ) ( Supplementary Fig. S8 ).
Thermal denaturation of the CA-mediated assembly was monitored by CD, UV-Vis and dynamic light scattering (DLS) (Fig. 1e and Supplementary Fig. S6 ). The curves showed a well-defined, cooperative transition with a sigmoidal shape akin to the thermal denaturation of a DNA double helix. This observation is a sign of uniform assembly that does not go through stable intermediate stages during the melting process. Scatter intensity for CA-mediated d(A 15 ) structures monitored by DLS similarly showed a sharp drop with increasing temperature, suggesting that large aggregates disassembled directly to their constituent components ( Supplementary Fig. S6 ). This transition can also be qualitatively observed by AFM in solution ( Supplementary Fig. S3 ). A kinetic barrier to assembly was evident in the hysteresis detected between the melting and annealing curves (Fig. 1e) , an observation often associated with cooperative self-assembly processes 42 .
Under highly acidic conditions (pH 3), poly(A) strands (both in their RNA and DNA forms) have been reported to self-associate into parallel homoduplexes as a result of protonation of the adenine units 36, 37, 43, 44 . We ascertained that CA-mediated assembly of d(A 15 ) under the conditions described above (pH 4.5) is distinct from the pH-driven poly(A) duplex, based on major differences between the CD spectra of these species. CA-mediated assembly occurs in the 4 to 7 pH range and is thus favored when CA (pKa ~6.9) and adenine (pKaH ~3.6) are mostly uncharged ( Supplementary Fig. S9 ). Overall, the CD and UV-Vis absorbance results reveal that d(A n ) assembly is mediated by CA in a unique fashion, giving rise to a structure with features distinct from the previously reported poly(A) duplexes that form in acidic conditions.
Investigation of fiber structure
The ability of a small molecule to mediate hydrogen-bonded interactions in water may seem counterintuitive, but is not unprecedented 45 . Hud et al. have demonstrated self-assembly of CA with hydrophilic derivatives of 2,4,6-triaminopyrimidine (TAP) in water, including a monomeric TAP-ribose derivative 46 . These mixtures produced hexameric rosettes that stacked into long fibers with a similar diameter to the d(A n ):CA structure described here. Comparably to our studies, Hud et al. observed the absence of intermediates in the assembly process and ascribed this property to the large hydrophobic surface of the rosette (> 1 nm 2 ) that imposes a high energetic cost (+27 kcal/mol) for its exposure to the aqueous solvent in intermediate structures.
In the d(A n ):CA system, the adenine units are tethered by a phosphodiester backbone. In addition, d(A n ) single strands are significantly preorganized 36 , which is expected to reduce the entropic cost of assembly.
To verify that monomeric adenine is capable of forming rosette structures with CA, we prepared deoxy-tetraisopropyldisiloxane-adenosine (TIPDS-dA) and hexyl-CA (Hex-CA) derivatives and tested their assembly in toluene (Fig. 2a ) 47 . Vapor pressure osmometry (VPO) studies show that in the 60-120 mM concentration range, these monomers assemble into aggregates with a mass consistent with a hexameric rosette (M W Rosette = 2 121 g/mol, M W VPO = 2050 ± 150 g/mol) from a 1:1 mixture. Furthermore, diffusion ordered NMR spectroscopy (DOSY) of an analogous mixture showed the formation of a single slow diffusing species, rather than a mixture of oligomers with different diffusion coefficients. Using the diffusion coefficient of monomeric TIPDS-dA and its molecular weight as references, a molecular weight range for the species in the mixture can be estimated and is consistent with a hexameric rosette 48 .
Having demonstrated that modified adenosine and CA monomers are capable of forming hexameric rosettes in organic medium, we turned to the native poly(A):CA assembly in aqueous solution. In order to examine CA:A stoichiometry in the CA:d(A n ) structure, we carried out equilibrium dialysis experiments 49, 50 . With d(A 15 ) in one chamber of the dialysis unit, and CA in a range of concentrations in the other (both in TAMg pH 4.5) the system was allowed to equilibrate with gentle agitation at 4 o C for 24 hrs. d(A n ) remained sequestered by the dialysis membrane in one chamber where it assembled with CA that freely diffused through the membrane from the other side. Once equilibrium was reached, solutions from both chambers were analyzed by high performance liquid chromatography (HPLC) to determine the concentrations of 'free' CA and CA 'bound' through participation in assembly ([CA] Free and [CA] Bound ). These values were used to determine the CA:A stoichiometry and to build a binding curve (Fig. 2b) . The curve revealed CA:A saturation at 1, consistent with a 1:1 CA:A ratio in the structure. A complication of the equilibrium dialysis experiment is that CA binding to d(A 15 ) is coupled to a structural change of the single-stranded DNA into a new assembly, as well as its elongation into fibers 33 . This experiment is different from binding studies of small molecules with double stranded DNA, in which the duplex structure is relatively maintained throughout the dialysis experiment 51 . The error bars associated with the data points (despite multiple repetitions) are likely the result of these complications, and also arise from precipitation of growing assemblies and adhesion of mixture components to surfaces of the dialysis chamber.
Furthermore, we have confirmed that both the Watson-Crick and Hoogsteen faces of adenine are necessary for CA-mediated d(A n ) assembly. We synthesized a DNA oligonucleotide (d (deaza-A 12 ) ) composed of the adenine analog 7-deazaadenine, which lacks the hydrogen bonding N 7 atom, thus eliminating the Hoogsteen binding face of adenine. The d(deaza-A 12 ) strand incubated with excess CA (TAMg pH 4.5 and 6) did not display the change in CD signal characteristic with CA-mediated assembly. At pH 4.5 (below the 5.3 pKa of 7-deazaadenine) the spectrum remained unchanged, whereas at pH 6, it showed features reminiscent of Z-DNA (Fig. 2c) instead 41 . In both pH conditions, the spectral features are distinct from those observed CA-mediated assembly of d(A n ). This suggests that both hydrogen bonding faces of adenine are required for CA-mediated assembly.
To provide further evidence for this poly d(A n ):CA structure and examine possible strand orientations, a preorganized, intramolecular test system that is incapable of fiber elongation was designed (Fig. 2d , see Supplementary information Section Ve for details). In it, three d(A 10 ) regions are spatially tethered into position using two double-stranded clipping duplexes. These clipping strands are linked to each of the poly-adenine regions via a hexane-diol molecule to alleviate any potential structural strain that might occur during the self-assembly process. We used the two DNA duplexes to template four distinct d(A n ) environments (Fig. 2d ): (i) 3 parallel d(A 10 ) strands (TP) ; (ii) 3 antiparallel (TA); (iii) two parallel (DP) and (iv) two antiparallel strands (DA). d(CA 10 C) was used as a nonpreorganized control strand, termed "free d(A 10 )". CD spectra obtained after annealing the extremities of the DNA duplexes and adding CA showed both features for B-duplex DNA and the d(A n ):CA distinct peaks. Thermal denaturation was studied by monitoring the CD and UV-Vis signals at 252 nm, a wavelength that tracks both the d(A n ):CA and duplex environments. Two distinct melting transitions were noted, the first for the d(A n ):CA structure, and the second for the DNA duplexes at the extremities of the structure. Interestingly, the parallel triplex structure TP showed a T M value that is closest to that of the CA-mediated assembly of "free d(A 10 )", while the antiparallel duplex DA construct showed the lowest T M value (Supplementary Fig. S15 ). These observations agree with the proposed triplex-rosette structure, and importantly, suggest that there is no need to invoke a structure of molecularity higher than a triplex to explain the thermal denaturation results for free d(A 10 ).
Based on the VPO and DOSY studies with modified adenosine and CA units in toluene, the 1:1 CA:A ratio in the CA-mediated structure of poly(A) in aqueous solution determined by equilibrium dialysis, the participation of both the Watson-Crick and Hoogsteen faces of adenine in CA-mediated assembly, AFM height measurements as well as a model intramolecular system, we propose that CAmediated d(A n ) assemblies are brought about by the formation of hexameric CA:A rosettes which lead to the growth of d(A n ) triplex fibers (Fig. 2e) .
Mechanism of CA-mediated d(A n ) assembly
The material generated here not only has a unique internal structure, its robust elongation into micron-long polymers encourages its investigation for a number of biological and materials applications. The long-range organization of short oligonucleotides into fibers can be explained by end-to-end π-stacking of finite structures, or by a phase shift between the participating DNA strands during the growth process (Fig. 3a) . The term 'phase shift' refers to staggered oligonucleotide assembly, producing overhangs that are further capable of bringing small constructs together longitudinally into fibers.
In order to examine the manner of CA-mediated fiber growth, we synthesized strand d(A 20 )-2F, labelled with a Cy3 dye at its 5'-end, and with a Cy5 dye in the middle of the strand (after the 10 th adenosine unit) (Fig. 3b) . Depending on whether fiber growth proceeds via blunt-ended stacking or staggered assembly, different fluorescence resonance energy transfer (FRET) behaviors are predicted for the dye pair. Due to increased proximity between donor and acceptor molecules in the case of staggered assembly, FRET efficiency (E T ) is expected to be higher than in the case of blunt-ended stacking, where identical molecules will be brought next to each other and the Cy3 and Cy5 dyes are separated by 10 bases. To set benchmarks for the two possible cases, we prepared fluorescently labeled DNA duplexes of mixed sequence as control structures, organizing the donor and acceptor molecules in distinct "blunt" and "staggered" arrangements ( Fig. 3b and Supplementary Scheme S2). Comparison of the E T values determined for d(A 20 )-2F incubated with 10 mM CA (TAMg pH 6) and the control duplexes (measured at the same pH, with or without added CA) suggests that CA-mediated fiber growth likely occurs through staggered rather than blunt assembly, as E T for d(A 20 )-2F is significantly higher than that of the "blunt" duplex, and is similar to the E T in the "staggered" duplex.
The process of CA-mediated d(A n ) assembly is a supramolecular polymerization. It may thus occur via two distinct mechanisms: isodesmic (step-growth), or cooperative (nucleation-growth) polymerization 42 . To investigate the mechanism of polymerization, we monitored the assembly outcome in relation to the concentrations of both d(A n ) and CA (pH 4.5). Interestingly, we observed that assembly only occurred above a critical CA concentration [CA] cr . As an example, Figure 3c shows the CD spectra obtained at 40 µM d(A 15 ) in a range of CA concentrations. From these traces, the fraction of assembled d(A 15 ) was calculated and plotted vs. CA concentration for each d(A 15 ) concentration (Fig. 3d,  Supplementary Fig. S17 ). In the range of 25-75 µM d(A 15 ), we noted non-sigmoidal curves with [CA] cr = 3 mM (corresponding to a CA:A ratio >3:1), below which no assembly was detected. This behavior suggests a cooperative nucleation-growth polymerization mechanism, whereby elongation of fiber nuclei to the observed higher-order structure only occurs above [CA] cr (Fig. 3e) . Above this concentration, the intensity of the characteristic CD peak at 252 nm grew with increasing CA concentration, and UV-Vis showed a more pronounced hypochromic effect (Fig. 3c, Supplementary Fig.  S18 and S19). Native polyacrylamide gel electrophoresis (PAGE) also showed the onset of d(A 15 ) assembly above [CA] cr ( Supplementary Fig. S22 ). Hud et al. showed that dissociation of coralyneinduced poly(dA) duplexes into single-strands upon dilution occurs with a sharp transition as a function of concentration, indicating a similar cooperative assembly onset at a critical concentration. Thermal denaturation of d(A 15 ) assemblies prepared in a range of CA concentrations (0 to 18 mM CA) was monitored by CD spectroscopy at 252 nm (Fig. 4a) . Above the CA concentration threshold, the melting temperature (T M ) values determined from these curves increased with increasing CA concentration, with broadening of the melting transition. This structure stabilization effect occurring above [CA] cr , and suggests that CA molecules may be participating in additional stabilizing interactions with the fibers, possibly through non-specific binding to their exterior. d(A n ) length also had an effect on the kinetic and thermodynamic properties of the assembly. Below d(A 15 ), the structures displayed monophasic transitions, however with increasing d(A n ) length, multistep melting transitions emerged (Fig. 4b) . With the assembly of short strands, in order to ensure polymerization, strands in a triplex unit are likely shifted with respect to each other rather uniformly, creating a population of fibers that melt at the same temperature. With longer strands, there are now more possibilities for the length of the region of overlap between the strands that will still allow for fiber elongation. This will then create a distribution where fibers, or regions therein, melt at different temperatures such that multistep melting transitions are observed. An additional possibility in the mechanism of assembly of longer strands is the possibility of flexible strand ends bending back on the strand to form intramolecular CA-mediated associations.
These features grant access to simple assembly of fibers with a variety of definable melting temperatures. Importantly, the longer d(A n ) strands with multiphasic melting transitions had the same spectral CD features as the shorter, monophasic d(A n ) strands. This suggests the formation of a single class of structures for all d(A n ) lengths (as opposed to distinct structures with individual T M s). In all cases, the assembly kinetics were slow, but accelerated with increasing CA concentration and d(A n ) length. 
Probing the versatility of CA-mediated assembly
With its numerous biological functions and diverse self-assembly motifs, RNA is emerging as another exciting nucleic acid building block [52] [53] [54] . In addition, messenger RNA (mRNA) in eukaryotic cells has a 3'-poly(A) tail composed of ~200-300 adenosine residues 55, 56 . This tail is essential for mRNA translation and plays an important role in its stability and maturation. We studied CA interaction with A 15 RNA (r(A 15 )) (TAMg pH 4.5) by CD. In these conditions, the CD spectrum for r(A 15 ) acquired features very similar to the spectrum characteristic of d(A 15 ) assembly with CA and has similar thermal denaturation properties. In the absence of CA at this pH, RNA forms a parallel homoduplex 36, 43 , as evidenced by CD. AFM imaging in solution for r(A 15 ) with CA showed extensive formation of fibers (Fig.  5a) , as in the case of d(A 15 ) under similar conditions. As polyadenylation is an important step in the production of mature messenger RNA, CA-mediated poly(A) assembly can potentially find applications in probing or modulating protein expression.
Peptide nucleic acid (PNA), is an uncharged, achiral nucleic acid analog. We monitored the assembly of PNA A 7 (p(A 7 )) with CA by UV-Vis spectroscopy. Upon addition of CA to p(A 7 ) (in water or TAMg pH 4.5), a hypochromic effect and slight red-shift were observed for the nucleobase signal at 260 nm. Short fibers mostly around 100 nm in length and 2.0 ± 0.1 nm in height were observed by AFM (Fig.5b) . On the whole, the assembly of poly(A) DNA, RNA and PNA can be robustly achieved with the simple external addition of CA to the system, and produces long-range fibers of uniform, well-defined structure.
To probe whether the fibers can act as templates for the organization of other materials, we tested the CA-mediated assembly of 5'-biotinylated d(A 15 ) and unmodified d(A 15 ) mixtures (TAMg pH 6) at different molar ratios. Long-range fibers were formed, as evidenced by AFM in solution for all mixtures. Addition of streptavidin (STV) visibly altered the original fibers, resulting in elongated features of greater height (Fig. 5c ). At lower streptavidin concentrations and smaller biotinylated:unmodified d(A 15 ) ratios, individual STV molecules could be clearly observed on the fibers (Supplementary Fig. S25 ).
With a large STV excess, the fibers appeared completely covered with the protein, and these fully substituted structures tend to shorten upon further standing. This experiment demonstrated that the fibers can be conjugated with streptavidin, allowing the CA-mediated organization of other biotinylated functional materials. 
Conclusions
We have shown that a small molecule, cyanuric acid (CA), with three thymine-like faces, can induce the assembly of unmodified poly(adenine) strands into a new non-canonical motif. This results in the cooperative growth of micron-long supramolecular fibers. This assembly is solution-based and the resulting fibers are consistent and abundant, as determined by atomic force microscopy (in air and in solution) and dynamic light scattering. Circular dichroism spectroscopy reveals spectral features distinct from both B-DNA and previously reported poly(A) duplexes. A minimum threshold concentration of cyanuric acid, [CA] cr , is required to initiate long-range assembly, and the supramolecular polymerization is consistent with a nucleation-growth mechanism. Investigations into the structure of the fibers support a proposed hexameric rosette hydrogen-bonded array as the underlying assembly motif. AFM height measurements, assembly experiments with an adenine analog and equilibrium dialysis are consistent with the formation of this motif, which brings together poly(A) strands into a triplex. This phenomenon is observed for DNA, RNA, and PNA backbones.
We believe that this study has important consequences in a number of areas. First, this is an inexpensive and extremely facile method to create new nucleic acid-based nanomaterials. The poly(A):CA material described here can be generated in large quantities. CA is an inexpensive and relatively non-toxic molecule widely used to stabilize chlorination in swimming pools. These structures are thus made from biocompatible units; they are stable over a range of pH values and their thermal denaturation temperatures can be finely controlled. The CA-mediated poly(A) fibers may have interesting applications in tissue engineering and drug delivery. Second, we have shown that this new motif can coexist with regular DNA Watson-Crick base-pairing. This method then introduces a new orthogonal interaction to expand the 4-letter DNA alphabet. Along with intercalator-induced poly(A) assembly (such as coralyne), it is expected to expand the repertoire and complexity of DNA nanostructures, with reduced 'errors' or defects, as compared to the use of a simple A-T, G-C duplex code. Third, the guest-induced assembly of DNA strands by a small molecule with more than one hydrogen bond face may be relevant in chemical biology. Long strands of poly(A) are added to messenger RNA before its translation to a protein and poly(purine) stretches in general are biologically important. Our study raises the possibility that cyanuric acid (or derivatives) can be used to probe and potentially modulate protein translation. There are a number of biologically relevant bifacial "Janus" molecules, such as 8-oxo-guanine (G/T) or folic acid (G/C), among many others, and they may also be able to form higher-order structures with nucleic acid strands. To our knowledge, the supramolecular behavior of small hydrogen bonding molecules with nucleic acids has not been examined in detail. Finally, the fact that a small molecule such as cyanuric acid can organize poly(A) strands into long-range polymers in aqueous media may have implications in prebiotic chemistry, specifically in answering the question of how individual nucleobases originally assembled into a nucleic acid polymeric backbone. 20 nm were used (ScanAsyst Fluid). Samples were prepared as described above and contained 5 to 10 µM poly(A). A 5 µL drop was deposited on a freshly cleaved mica surface (or a surface pre-treated with NiCl 2 solution to promote sample adhesion) and incubated for 2 minutes followed by addition of buffer appropriate to the sample to the closed MTFML (Bruker, Santa Barbara, CA) fluid cell and imaging.
Equilibrium dialysis. Equilibrium dialysis was used to establish the CA:A stoichiometry in the CAmediated assembly of poly(A). Equal volumes (25 µL) of d(A 15 ) (40 µM) and CA (2, 3, 4, 4.5, 5, 5.5, 6, 6.5, 7, 8, 10, 12 and 15 mM) were allowed to equilibrate at 4 °C for 24 hours with gentle agitation, separated by a dialysis membrane (5000 Dalton molecular weight cut-off). Both solutions were then analyzed by RP-HPLC to assess the equilibrium concentration of CA on either side of the membrane. The free concentration of CA, [CA] free , and the ratio of CA bound per A, CA:A, were calculated and plotted to obtain a binding curve. The analysis was performed in triplicate 4 times and all results were compiled.
